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Foreword

The International Organization for Standardization (ISO) is a worldwide federation of national standards
bodies (ISOmember bdies). The work of preparing International Standards is nornaalied out though

ISO technical committees. Eactember body interested in a subject for which artieal committee has

been established has the right to be represented on that committee. International organizations, governmental
and non-governmental, in liaison with ISO, also take part in the work. 1SO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

This standing document was prepared by Technical Commif@¥@ (5184, Industrial automation systems
and integration Subcommittee SC4ndustrial data

ISO/TC 184/SC4 standards are prepared according to guidelines put forth in the following standing
documents:

— Guidelines for application module development;
— Guidelines for application interpreted construct development;

NOTE 1 - The development of new AICs is deprecated due to the advent of application modules which are
intended to be the next generation AICs.

— Guidelines for application interpreted model development;
— Guidelines for the development of application protocols using application modules;
— Guidelines for the development and approval of STEP application protocols;

NOTE 2 - The development of new APs using this process is deprecated due to the advent of application
modules.

— Guidelines for the development of abstract test suites;
— Guidelines for the development of mapping tables;

NOTE 3 - Clause 5.6 now contains mapping table guidelines for application modules extracted from the
separate mapping table guidelines document.

— ISO/TC 184/SC4 organizah handbook;

— Supplementary directives for theafting and presentation of ISTD303.
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Introduction

ISO 10303 is an Internahal Standard for the computer-interpretable representation and exchange of
product data. The objective is to provide a neutr@thanism capable of desdénidy product data throughout

the life cycle of a product independent from any particular system. The nature of this description makes it
suitable not only for neutral file exchange, but also as a basis fammaping and sharing product databases
and archiving.

This International Standard is organized as a series of parts, each publighatesed he parts of ISO

10303 fall into one of theoflowing series: description methods, integrated resources, application modules,
application interpreted constructs, application protocbistract test suites, implemeritex methods, and
conformance testing. The series are described inEBD3-1.

The purpose of this document is to provide guidelines for the development of application modules (AMs) for
use in STEP application protocols (APs). Application modules are the key component of the modularization
of the initial STEP architecture. The modularization approach extends the application interpreted construct
(AIC) concept of the initial STEP architecture through inclusion of the relevant portions of the AP’s
application reference model. The basis of the approach is understanding and harmonizing éheergguir

both new and those documented in existing APs, grouping theawemguits into reuseableodiules,

documenting the modules, and using the modules in the development of an application protocol.

The development of an application protocol modularization strategy was driven by severatreqsifrom
different sources:

— to reduce the high cost of developing an application protocol;

— to ensure the ability to impinent a combiniin of subsets of multiple APs or to extend existing APs
to meet a business need;

— to ensure the ability to reuse application software developed to support one AP in the development of
an implementabn of another AP with the same, or similar, reguients;

— to avoid the duplication and repeated documentation of the same=neepiis in different application
protocols leading to potentially different solutions for the same myeits; and

— to ensure the ability to reuse data generated by aenmepkaibn of one or more APs by an
implementaibn of one or more different APs.

This document describes the proposed content of an application module and guidelines for development of
the content of the application module. The expected audience for this document includes developers of STEP
application modules and application protocols as well as users of STEP application protocols who are
interested in a more in-depth understanding of the origins of the structure of application protocols. This
document is an adaptation of the guidance fourLidelines for the eévelopment and approval of STEP
application protocolsGuidelines for the evelopment of mapping tablé€3uidelines for application

interpreted model eévelopmentandGuidelines for application interpreted construevelopment

Vi
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Guidelines for application module development

1 Scope

This SC4 standing document specifies guidelines for the development and documentation of application
modules for use within IS@Q0303 applicabn protocols.

The following are within scope of this standing document:

— description of the content of an application module;

— guidelines for developing the content of an application module including detailed guidance on the
development of scope, information reguirents, magpg tables and module interpreted models.

The following are outside the scope of this standing document:

— specification of presentation information for the documentation of any portion of sfOEI3
application module;

— detailed guidance on how to select constructs of thel(ED3 integrated resources that map to the
information requiements of an ISQ0303 applicabn module;

NOTE 1 - This information is planned to be covered in greater detail in a forthcoming document entitled
Procedures for application interpretation

— guidelines for development of mapping tables for documents other thaiOBE3 application
modules;

— guidelines for the use of EXPRESS in information models other thac0S@8 nodule interpreted
models;

NOTE 2 - The EXPRESS language is described in ISO 10303-11. This document provides EXPRESS usage
guidance only in the context of module interpreted model development.

— description of how the application modules are to be used in the documentation of application
protocols.
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2 Normative references

The following standing documents and standards contain provisions which, through reference in this text,
constitute provisions of this standing document. At the time of publication, the editions indicated were valid.
All standing documents and standards are subject to revision, and partieetoexgs based on this

standing document are encouraged to investigate the possibility of applying thecensedibns of the

standing documents and standards indicated below. Members of IEC and ISO maintain registers of currently
valid International Standards.

ISO/TC 184/SC4 N534:199Guidelines for application interpreted construewvelopment.

ISO/TC 184/SC4 N535:1997, Guidelines for the development and approval of STEP application protocols.

ISO/TC 184/SC4 Nxxx:1997, Guidelines for the development of application protocols using application
modules.

ISO/TC 184/SC4 N533:1997, Guidelines for the development of mapping tables.

ISO/TC 184/SC4 N537:1997, Supplementary directives for the drafting and presentation of ISO 10303.

ISO 10303-11:1994ndustrial automation systems and integration — Product data representation and
exchange — Part 11: Description methods: Language reference manual.

3 Definitions and abbreviations

3.1 Terms defined in ISO 10303-1

This SC4 standing document makes use of the following terms defined HORI3-1.
3.1.1 application: a group of one or more processes creating or using product data.

3.1.2 application activity model (AAM): a model that describes an application in terms of its processes
and information flows.

3.1.3 application context: the environment in which the integrated resources are interpreted to support the
use of product data in a specific application.

3.1.4 application interpreted model (AIM): an information model that uses the integrated resources
necessary to satisfy the information regoients and constraints of an applmatreference model, within an
application protocol.

3.1.5 application object: an atomic element of an applicet reference model that defines a unique concept
of the application and contains attributes specifying the dati@eeats of the object.

2
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3.1.6 application protocol (AP): a part of this International Standard that specifies an application
interpreted model satisfying the scope and information rexapeints for a specific applidar.

NOTE - This definition differs from the definition used in open system interconnection (OSI) standards. However,
since this International Standard is not intended to be used directly with OSI communications, no confusion should
arise.

3.1.7 application reference modelARM): an information model that describes the information
requirements and constraints of a specific appdioatontext.

3.1.8 conformance classa subset of an application protocol for which conformance may be claimed.

3.1.9 data: a representation of information in a formal manner suitable for communication, interpretation,
or processing by human beings or computers.

3.1.10 implementation method:a part of this International Standard that specifies a technique used by
computer systems to exchange product data that is described using the EXPRESS data specification language
[ISO 10303-11].

3.1.11 interpretation: the process of adapting a resource construct from the integrated resources to satisfy
a requirement of an appliéam protocol. This may involve the addition of restrictions on attributes, the

addition of constraints, the addition of relationships among resource constructs

3.1.12 product data: a representation of information about a product in a formal manner suitable for
communication, interpretation, or processing by human beings or by computers.

3.1.13 resource constructa collection of EXPRESS entities, types, functions, rules and references that
together define a valid description of an aspect of product data.

3.1.14 unit of functionality (UoF): a collection of application objects and their relationships that defines

one or more concepts Wit the application context such that removal of any component would render the
concepts incomplete or aiglious.

3.2 Terms defined in ISO 10303-202
This SC4 standing document makes use of the following terms defined FOEI3-202.

3.2.1 application interpreted construct (AIC): a logical grouping of interpreted constructs that supports a
specific function for the usage of product data across multiple applicatioxtsonte

3.3 Other definitions

For the purposes of this SC4 standing document the following definitions apply.
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3.3.1 application module (AM): a reuseable collection of scope sta¢nt, informabn requiements,
mappings and module interpreted model that supports a specific usage of product data across multiple
application contets.

3.3.2 module interpreted model (MIM): an information model that uses the common resouszEsgsary

to satisfy the information req@ments and constraints of an applmatreference model, within an
application module.

3.4 Abbreviations

For the purposes of this SC4 standing document, the following abbreviations apply.
AAM application activity model

AIC  application interpreted construct
AIM  application interpreted model
AM  application module

AP application protocol

ARM application reference model

CcC conformance class

IR integrated resource

MIM  module interpreted model

UoF  unit of functionality

4 Application module content

This clause provides an overview of the contents of an application module. The contents for an application
module are given in figure 1 and are explained in the subsequent subclauses. The three major components of
an AM are: 1) the scope and functional regmmierns; 2) the applican reference model as a representation

of the application domain information recgrinerts; and 3) the wdule interpreted model that specifies the

required use of the common resource.

Each application module shall have an associdistiact test suite (ATS).
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Figure 1 - Contents of an application module

An AM starts with an Introduction which provides an overview of the technical content. For AMs which use
other AMs, the Introduction shall explain the relationships between the AMs.

Clause 1 of an AM is the definition of the scope of the AM. Based on the scope, clause 4 of an AM identifies
the information requaments of the AM and documents them in an appicaeference model. The

semantics of the application reference model are specified using a documented EXPRESS schema. Based on
the ARM, clause 5 specifies the selection of constructs from the common resources and identifies constraints
or specializations of entities for describing the application information in an module interpreted model.

Detailed requirements for documiengt an AM, including any required text, are provided in the
Supplementary directives for the drafting and presentation of ISO 10303

4.1 Scope

Clause 1 of an AM shall define the domain of the AM and summarize the fundamentptsamce

assumptions of the scope, the functionality of the AM, and the types of information that are accommodated
by the AM. A description of the functionality and information that are specifically outside the scope of the
application shall be defined to clarify the domain of the AM.
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This clause shall define the followingaracteristics of the scope of the applmaimodule:
— type of information;
— life cycle stages supported;
— uses of the information, e.g., functional processes, supported;
— discipline views supported;
— exclusions from scope for the purpose of clarification.
4.2 Normative references

All normative references shall be listed in clause 2 of an AM. The minimal required set of normative
references are:

ISO 10303-1 Industrial automation systems and integration - Product data representation and
exchange - Part 1: Overview and fundamental principles.

ISO 10303-11 Industrial automation systems and integration - Product data representation and
exchange - Part 11: Description methods: The EXPRESS language reference manual.

ISO 10303-31 Industrial automation systems and integration - Product data representation and
exchange - Part 31: Conformance testing methodology and framework: General concepts.

4.3 Definitions and abbreviations

Clause 3 of an AM shall include definitions of all cqutserecessary to understand the Introduction, Scope,
and Information requéments clauses. This clause mayjuide concpts that are defined further in the
Information requiements clause. The conceptinigbns provided in this clause shall be consistent with the
complete definitions provided in the Information regmients clause.

This clause shall contain at least three subclauses: list of terms defined in ISO 10303-1 and used in the AM,
terms defined in the AM, and abbreviations and symbols used in the AM. This clause shall not include the
definitions of objects defined in the module interpreted model. This clause shall list the terms defined in other
ISO standards that are necessary for understanding the AM.

4.4 Information requirements

Clause 4 of an AM shall describe the functionality and information egeints of the AM. The first
paragraphs of this clauseopide a high level description of the information regmients that are supported
by the AM and a summary of the structure used to partition the informationereguis. This clause may
include a description of the types of information supported by the AM, any restrictions on the information
supported, and the supported uses of the defined information. This clause shall provide all additional
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information on the fundamental copte and assumigns (initially introduced in clauses 1 and 3) which is
necessary for complete understanding of the information eegeirts and the scopeundaries.

This clause shall include a description the fundamental ptsye@d UoFs of the AM and any prerequisite
AMs used by the AM.

This clause shall include subclauses for units of functionality, referenced AM ARMs and ARM type
definitions, ARM entity definitions, ARM rule definitions, ARM function definitions as required.

4.4.1 Units of functionality

Clause 4.1 of an AM shall specify a list of the UoFs defined in or used by the AM and the definition of each
UoF defined in the AM. A UoF is a grouping of data constructs which is important in the application
module. A UoF specifies the set of application objects that constitute one or mopgsohtiee application
reference model. UoFs are a mechanism faiutarising the information reqeiments into primary

concepts. The UoFs are used to organize and summarize therfalitgt of the ARM. Each UoF definition

shall include the scope of the UoF, a description of the function(s) that the grouping of data is intended to
support, and a list of the application objects that are included in the UoF.

For a UoF defined in another application module the UoF description in the using AM shall list the
application objects referenced by objects in the using AM.

NOTE - The intent is for application modules to define one UoF and possibly make use of UoFs defined within other
application modules.

4.4.2 Referenced application module ARMs

Clause 4.2 of an AM shall specify the application reference models defined in other application modules that
are required by the AM. This specification takes the form of documented EXPRESS USE FROM constructs.

4.4.3 ARM type definitions

Clause 4.3 of an AM shall specify the defined types necessary for the description of the application objects
defined in 4.4. This specification takes the form of documented EXPRESS TYPE defintions.

4.4.4 Application objects as ARM entity definitions

Clause 4.4 of an AM shall include the definitions for all application objects and attributes declared in the
AM. An application object is an atomicahent of an applic&n reference model that defines a unique
application concept and contains attributes specifying the dateeis of the object. Applidgah objects are
documented in the ARM by EXPRESS entity defintions.

Application objects documented as EXPRESS entities contain the definitions of simple attributes,
relationship attributes and relationship constraints. Simple attributes are those which evaluate to a simple
data type. Relationship attributes are those which establish a relationship with another application object.
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Relationship constraints are EXPRESS INVERSE attributes which constrain the cardinality of a relationship
between two application objects.

4.45 ARM rule definitions

Clause 4.5 of an AM shall specify the necessary rules constraining the application objects. These constraints
are documented in the ARM as EXPRESS RULE defintions.

4.4.6 ARM function definitions

Clause 4.6 of an AM shall specify the necessary functions used by the ARM rules and ARM entity
definitions. These constraints are documented as EXPRESS FUNCTION definitions.

4.5 Module interpreted model

Clause 5 of an AM shall specify the module interpreted model. The MIM shall be defined using the
EXPRESS language and is constructed from the resource constructs (including other AMs) using the
EXPRESS interfang mechanism (USE FROM) defined in 1I90303-11. Needs for refiment of the
resource constructs arises out of the information remgints of a the particular applicet module domain.

4.5.1 Mapping table

Clause 5.1 of an AM shall specify the mapping table. The mapping table documents the correspondence
between the information reqaiments and the constructs of the MIM. This niagpable shall specify a
complete and unambiguous mapping between the application objects and their attributes defined in the
information requiements clause and the constructs of the MIM. The mgghows how the common
resource constructs are used to meet the infamegquiements of the applidan module.

45.2 Short form

Clause 5.2 of an AM shall specify the MIM EXPRESS short listing. The MIM EXPRESS short listing shall
consist of USE FROM statements that select common resource constructs and other AMs, AM specific
declaraibns, and any appropriate modifications to textual material that applies to construfasddtato

the MIM schema from the common resources. The deidasainclude TYPE dearatons, ENTITY

declaraibns that create subtypes of resource entities, andezegsary RULES, FUNCTIONS, and
PROCEDURES that are required to satisfy the information mmeints. Any dealaions of entities, rules,
functions, and procedures specific to the AM are fully documented in the MIM EXPRESS short listing.
Textual modifications include:

— clarification of application specific interpretation of the meaning of a generic entity definition;
— clarification of application specific interpretation of the meaning of one or more attributes;
— specification of application specific informal propositions;

— specification of all associated global rules defined in the AM,;
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— addition of application specific examples and notes.
4.6 Annexes
A MIM short names (normative)

This annex shall contain a correspondence list between the entities used in the MIM and the short names.
This list is derived from the short names specified in the common resources together with the short names
for entities introduced in the AM.

B Information object registration (normative)

This annex shall specify the information object identifiers for the application module. This shall include
identifiers for the AM document and for the MIM schema

C ARM EXPRESS-G (informative)

This annex shall contain the EXPRESS-G representaf all intaface specifications and all types and
entities defined in the ARM. This representation shall be documented in accordance with annex D of ISO
10303-11 and thBupplementary directives for the drafting and presentation of ISO 10303 (2TEP)

D MIM EXPRESS-G (informative)

This annex shall contain the EXPRESS-G repredentaf all intaface specifications and all types and
entities defined in the MIM. This representation shall be documented in accordance with annex D of ISO
10303-11 and thBupplementary directives for the drafting and presentation of ISO 10303 (2TEP)

E MIM and ARM EXPRESS listing (informative)

This annex shall contain a disk with the entire MIM and ARM EXPRESS short listing without
comments.

F Application module imgmentaibn and usage guide (optional and informative)

This anne, if provided, contains informative guidance oneémphing and using the AM. This annex
provides guidance to two different audiences, i.e.,emghtors and end users of AM compliant
implementaibns. Example information descriptions that are supported by the AM and the corresponding
AM exchange files may be included in this annex. If exchange files are included in this annex, the annex
should explain the primary data structures and the logic and meaning of the values used in the exchange
file.

G Technical discussions (optional and informative)

This anne, if provided, contains a summary of relevant technical discussions and the resolution of issues
raised during the development of the AM. This annex provides background information for potential
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users of the AM and for developers of similar or related AMs. The material given should not cast doubt
or self justify. Only material which supports the normative text shall be given.

H Bibliography (informative)

This annex lists all informative references relevant to the AM. Amnamam, it shall contain references
to theSupplementary directives for the drafting and presentation of ISO 10303

5 Specification of application module content

This clause specifies the requirements for devetpan AM. An AM shall be developed and reviewed
incrementally as components of the AM documéniteire completed. The major objective of the
incremental development is for AM integmat planning. A review of the AM's scope and information
requirements, prior to develimg the MIM, allows international consensus on the detailed emaints to be
developed. It also allows identification of reguirents common with other appliicats for the purpose of
AM integration planning.

5.1 Scope development

The first phase of developing an AM is the definition of its scope and informationereguits. Dehition

of the scope and information recgrinents bgins with the formulation of a s&rhent of the application

module functional requéments. This statement may define the type(s) of infimmahe life cycle stages
supported, the data application(s), and the use of the data within the application(s) targeted for the AM. The
detailed scoping and information reaaitents deition shall pre@eed from this statement.

The scope and requirements identify the primary quscand relabnships to be supported by the AM. The
AM's scope and information regeiments shall be cardly defined and documented. The AM scope

statement may ihede a summary of the type(s) of information, the application processes, the types of data,
and the discipline views of the data that are within scope. For clarification, the scepestahay also

identify the type(s) of information, the type(s) of products, the application processes, the types of product
data, and the discipline views of the data that are outside of the scope.

5.1.1 Scope refinement

The refinement of the scope of an AMlues identifying and sepaing conc@ts to maximise reuse of the
AM and identifying mandatory relationships with other AM's.

The AM should define a unique and distinct set of Application Objects relating only to the concept being
represented. It should contain no Application Objects that are defined by another AM, that is representing
another concept.

Vocabulary will typically change from concept to concept. The description of the AM should not contain
sentences that move from one concept to another. The use of words such as 'and’, 'with' or 'also’ in either the
name or description of an AM is an indication that there is more than one concept being represented. Unless

10
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it can be demonstrated that the concepitsgoepresented are insgable in all applicédns, serious
consideration should be given to agging those conges and defing an AM for each.

NOTE - The scope AM should not mix fundamental concepts such as presentation with representation.
5.2 Information requirements specification

When the detailed scope and functional rezagnts have been defined, the infoioratiomain of the AM
shall be defined by developing the application reference mo&MNjA The ARM shall be documented using
EXPRESS and shall include an EXPREG presentain. The ARM shall describe fully the data needs of
the application module, using the potentially harmonized terminology of the application domain(s).

The ARM documents the required data and relationships of the AM. The graphical presentation of the ARM,
i.e., EXPRESS-G, aids thmderstanding and review of the information regmients and defitions. The

ARM diagrams shall be at a detail level sufficient to present the requirements in a manner that it is
understandable to an application domain expert. The informationeeguits shall be modelledly to the

level necessary to convey the information that is important from the application experts' point of view. An
ARM shall be sufficiently detailed so that the selection and interpretation of the common resources can be
done accurately.

A mechanism for mdularizing the scope of an industry domain into manageable constructs is to define units

of functionality. A UoF is a collection of application objects and assertions that conveys one or more well-
defined concepts witn the context of an ARM. A UoF may result in one or more AM’s and an AM may

include or use more than one UoF. However, to realize the most reusability of an application module the
scope of application modules that define multiple UoFs should be reviewed for potenemheetfiisee

5.1.1). A UoF usually supports an application function or process. UoFs are used to organize and summarize
the functionality of the ARM. For example, if a geometric modelling application has aerequirfor

wireframe geometry, then a UoF may be defined which provides a grouping of those application objects in the
ARM which are intended to support geometric modelling usingraime geometry.

When two or more AMs have equivalent UoFs or common information esggints, a new AM shall be
created, the same interpretation of the integrated resources shall be used in the new AM, and the new AM
shall be used by the AM’s with common requirementsiriguthe development of an AP or an AM it may be
discovered that an existing AM supports a superset of the eatprits for the AM in development. In this
case, new AMs should be developedasajng the required subsets from the existing AM. The original AM
may then be updated to use the new AMs without changing the scope of the existing AM. Through this
process the scopes of the catalog of AMs isimentally refined as new or diffeg requiements are
discovered.

5.2.1 Information requirements documentation
Clause 4 of the AM shall include a high level description of the information emggimts, a summary of the
structure used to define the partition of the information remqménts defined by the AM, and subclauses for

specifying UoFs, referenced AMs and the AM ARM components. The description of the information
requirements shall be sufficient to prepare the reader for the material in the subclauses.

11
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The information requaments shall be defined in prose. The referenced AMs and the ARM components
including application objects, relationship attributes and constraints shall be defined as a single documented
EXPRESS schema. The elements listethiwieach subclause shall be ordered alphabetically. The UoFs,

ARM schema, ARM types, application objects, ARM rules and ARM rules shall have unique names, i.e., no
application eéments shall share the same name.

The documentation for an AM's ARM and information regmients inkudes the following components as

required. The clause referenced listed assume at least one of each component is included. Should there be no
ARM types, functions or rules these clauses may be omitted in the AM and the clause numbering shall
change accordingly.

12

1. units of functionality

Units of functionality shall be defined in 4.1 of the AM. This subclause provides a list of the UoFs used
or defined in the AM. For UoFs defined in the AM, a description of the functions that each UoF supports,
and the list of application objects included in the UoF is specified. For UoFs used fromanother AM, the
name of the AM in which which the UoF is defined shall be included in the list. Application objects
defined in another AM specifically referenced by application modules defined in the AM shall be listed
under the description of the UoF in the other AM in which they are defined.

2. referenced application module ARMs

The referenced application module ARMs shall be defined in clause 4.2 of the AM. This specification
takes the form of documented EXPRESS USE FROM constructs. Each AM ARM shall be used in its
entirety. Should the AM no use any other AM this fact shall be stated in this clause. The ARM uses the

terminology of the application domain but should not be so specific as to prohibit reuse of the AM in
multiple APs.

3. ARM type definitions

The ARM defined types shall be defined in clause 4.3 of the AM. This specification takes the form of
documented EXPRESS TYPE definitions.

4. ARM entity definitions

The application objects shall be defined in 4.4 of the AM and are documented as ARM EXPRESS
entities. Every EXPRESS entity in the ARM shall be considered an application object. Each application
object which exists in the ARM shall appear in the niagpable.

5. ARM rule definitions

The ARM rules shall be defined in clause 4.5 of the AM. These rules specify the necessary constraints on
the application objects. These constraints are documented in the ARM as EXPRESS RULE definitions.

6. ARM function definitions
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The ARM functions shall be defined in clause 4.6 of the AM. These functions specigctssary
functions used by the ARM rules and ARM entity definitions. These functions are documented as
EXPRESS FUNCTION definitions.

5.2.2 EXPRESS ARM documentation
The ARM EXPRESS definitions shall be specified as follows:
— The ARM type definitions shall appear in alphabetical order.

— Each application object shall be stated in the ARM entity definitions and each ARM entity definition
shall represent an application object.

— Each attribute whose data type is either a base data type or a defined data type which is a SELECT
data type with a select list that does not contain entity types or, recursively, other SELECT types with
select lists that do not contain entity types shall be stated as an attribute of that entity in the ARM entity
definition.

— Each attribute whose data type is an aggregate with a type that is either a base type or a defined type
which is a SELECT data type with a select list that does not contain entity types or, recursively, other
SELECT types with selectslis that contain entity types shall be defined as an attribute in the ARM entity
definition, with the cardinality specified in the definition.

— Each relationship attribute whose data type is an aggregate of either an entity type or a SELECT type
with a select list that contains either entity types or other select types with select lists that contain entity
types shall defined as an attribute in the ARM entity definition with the cardinality defined by the
aggregate bounds.

— Each relationship attribute whose data type is an entity type shall be defined as an attribute in the
ARM entity definition.

— Each relationship attribute whose data type is a SELECT data type with a select list that contains
entity types or other select types with select lists that contain entity types shall be defined as an attribute
of the ARM entity definition.

— Each constraint on the cardinality of a relationship attribute whose data type is an entity type shall be
defined as an INVERSE attribute in the referenced ARM entity definition.

— The attributes of the ARM entity definitions shall be ordered such that the non-relationship attributes
are preceed the relanship attributes. The non-relationship attributes shall appear in alphabetical order.
The relationship attributes shall appear in alphabetical order. The INVERSE attributes shall appear in
alphabetical order.

— The ARM rule definitions shall appear in alphabetical order.

— The ARM function definitions shall appear in alphabetical order.

13
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5.3 Module interpreted model

After the information requéaments have been documented, intergoetatf the information requéments
results in the development of the MIM. Interpretation is based on the foundation laid by the review of the
scope and requirements documented in the AM. The objectives of intégoretat

— to select the required SC4 common standardized resource constructs to satisfy ARM requirements;
— to map ARM constructs to the selected resource constructs; and

— to create the additional EXPRESS constructs and constraints needed to satisfy ARVhesgsiand
to specify the MIM short listing.

5.3.1 Select resource constructs

During interpretation, appropriate resource constructs are selectegtohe requirements for the ARM
constructs. The selection process often involves further discussions or clarifications of the ARM constructs;
these may include review of the intended information remqents, the usage of the inforinat or

description of real-world usage scenarios of the application module. The result of these discussions is the
specification of one or several resource constructs which satisfy theeregois of the ARM construct,

along with any needed constraints.

The integrated resource constructs are designed for generic use by all AMs. In the selection process, the best
entity for an ARM requirement may have attributes that are not supported by requirements in the ARM. As
long as the additional attributes have underlying types that are base types, this is not considered a problem.
For example, many resource entities include required attributes such as name and description. These
attributes have the base type STRING. Where there is no data to support the instantiation of these attributes,
the developers of an application module may choose to documeminneaded values for these attributes in

the “Module impémentabn and usage guide” annex of the application module.

5.3.2 Short form specification

An MIM is constructed from the common resources, including AMs, through the use of an inter-schema
reference specification; this MIM schema is called the short listing. The short listingtsaigivo parts.

The first part contains the interface specification which provides the relationship between the resources and
the MIM. The second part defines the unique MIM constructs that refine or specialize the usage of the
integrated resources.

The development of the short listing catsiof two tasks:

— specify the interface to the resources; and

— specify MIM unigue constructs and constraints.

14
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This clause of this document describes the development of the short listing from a functional perspective.
The remainer of clause 5 of this document provides more detail on the use of EXPRESS to document the
short listing.

5.3.2.1 Establish a formal interface to the resources

The EXPRESS short listing reflects the selection of the resource constructs through a forfaes inte
specification method. This inface is accomplished through the EXPRESS USE FROM specification
described in clause 11 of ISO 10303-11. USE FROM is thdantemechanism that is employed to specify

the relationship between the resources and the MIM. The information provided in 5.3.4 of this document will
provide more details on how to use the EXPRESS language to completely specifyfieeitbethe

resources.

5.3.2.2 Develop unique MIM constructs

The MIM short listing also specifies all constructs that are new and unique to the MIM, which may include
entities, attributes, type definitions, local and global rules, and functions. Only two classes of new constructs
are allowed in an MIM; those that:

— complete and assign a concept definition; and
— constrain a generic concept.
5.3.2.2.1 Concept completion and assignment

In the ISO 10303 integrated resources, there are a number of template structures that have been used to
specify product data manament resources, such as the construct specified in annex E b883-41.

These template structures are semantically incomplete by themselves; they are designed to be used to specify
structurally similar though semantically dissimilar cqutsen a standard and consistent manner. The

template entity is completed by an explicit and unique assignment of semantics in the MIM. The explicit
assignments are made between the managemenptofes)., approval or organiiat) and the items that

require the management inforreet. Details on how the new MIM constructs which complete the

assignment template structure are documented in the MIM short listing are provided in 5.3.4.2.3 of this
document.

5.3.2.2.2 Constrain generic concept

Standardized common resource constructs are generic in nature and designed to be shared by multiple
application contets. Several AMs may require the same generic concept that a resource construct represents,
but each may constrain the generic concepts in order to represent a specific isagearM domain.

New MIM constructs may be created (through subtyping) to:

— constrain a generic concept;

— constrain the relationship between generic quisger

15
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— create multiple, specialized concepts of the generic concemigthspecification of different
constraints representing different usages of the same generic concept under specific circumstances within
the domain of the AM.

5.3.3 Complete short form schema

Once all entities and types are interfaced into or defined in the MOM, global rules may also be defined in the
MIM to constrain an entity, relationship or attribute.

EXAMPLE - Global rules are often written to constrain an entity that was explicitly interfaced from being
independently instantiated.

The constructs from the integrated resources are pruned in the MIM (see Siidedfnes for application
interpreted model eévelopment There may be subtypes and items of select lists that appear in the
integrated resources that are not imported into the AM. Constructs are eliminated from the subtype tree or
select list through the use of the implicit ifiéee rules of ISO 10303-11. References to eliminated

constructs are outside the scope of the MIM.

5.3.4 EXPRESS usage guidelines for MIMs

In the previous clause, the process of interpretation was presented from a functional viewpoint. This clause
will describe the use of the EXPRESS language for developing the MIM EXPRESS short listing, and provide
additional details that describe the semantics of a particular usage of EXPRESS.

5.3.4.1 Schema interface

The need for an MIM to establish a formal relationship to the integrated resources through the EXPRESS
USE FROM keyword is described in 5.3.2.1. USE FROM is the onlffaceemechanism that shall be

employed in an MIM.

The USE FROM keyword is employed to interface named data types and entire schemas into another schema.
In an MIM EXPRESS short form, if the interface is to a construct defined in the integrated resources, the
desired construct is individually named in therifatee specification for the schema in which the construct is
defined. If all constructs from an integrated resource schema are desired, the entire schema may be interfaced
by providing only the schema name in therifatee specification. If the intiace is to an AM, only the AM

schema name is provided. The AM must be used in its entirety; the use of subsets of an AM is not allowed.

The objective in specifying the imface to the resources is to specify the minins@tnof constructs in USE
FROM statements that:

— satisfies the visibility requéments for cre@n of uniqgue MIM constructs;
— results in the required content of the MIM; and

— satisfies the requirements fadependent instantiability.

16
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In order to be able to accomplish this objective, the AM development team must understanddhbe inte
mechanism as described in 130303-11know which constructs from the integrated resources are required
in the MIM, and know which AMs are required in the MIM.

5.3.4.2 Entity type specialization

5.3.2.2 describes the requirements for theadatbn of uniqgue MIM constructs during the development of

the MIM EXPRESS short listing. These constructs are developed in a strictly controlled manner to
accomplish strictly defined objectives. Entities are created in the MIM only to achieve one of three

objectives: constraint localization, attribute definition specialization, and concept completion and assignment.
Concept completion and assignment also requires the specification of a SELECT type. In the development of
an MIM, this is the only case where an MIM-specific defined type is specified.

5.3.4.2.1 Localization of constraints

During MIM development, there may be re@mirents to specify constraints on an entity that differ mi#ipg

on its usage in different structures. This type of constraint is called an entity behavioral constraint. In order
to specify this type of constraint, the entity is interfaced explicitly into the MIM schema from the integrated
resources or an AM. There are two methods for representing the constraint. Either a new subtype of the entity
is be created to represent the concept for which the constraints are defined or global rules are defined to
constrain attribute values representing the required constraint from the ARM. Using global rules is the first
method to consider to represent these constraints. Subtyping should be employed when the complete set of
subtypes for all possible domains can be determined.

An example of the use of entity behavioral constraints consists of an dpplieguiement defined in an

ARM for two different types of thproduct_definition entity. One type gfroduct_definition
entity is always a component in an assembly and another tgpedott_definition is never a
component in an assembly. This is a behavioral constraint prothest_definition that could be

implemented with two subtypes or with constrained attribute values. In the case where subtypes are created,
the first subtype could contain a constraint that says it must always be usegréinitioe definition_

relationship entity as theelated_product_definition 1. The second subtype pfoduct_
definition could contain a constraint specifying that it shall never be used protihect
definition_relationship entity. In the case where attribute values are constrained, a global rule could

be written specifying that when the description attribute of product_definition has a value of component, the
product_definition must always be used in a product_definition relationship as the
related_product_definition.

Entity behavioral constraints are specified as local rules. In the case that subtypes are created, the EXPRESS
USEDIN function is employed to gaie@ess to the other entities that reference the particular entity which

needs to be constrained in the MIM. Each subtype definition allows the MIM schema to specify different

uses of the generic concept (as defined in the STEP integrated resources) for different purposes (as defined in
an ARM).

! Product_definition_relationship andproduct_definition are defined in ISO 10303-41.
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In addition to constraints on the usage of a particular entity, there may be a need to specify differing, and
often conflicting, constraints on an entity or an entity's attributes depending on its usage in the reference path
of a generic entity interfaced to the MIM. In this case, subtypes of the referencing entity shall be created in
order to establish a context for the constraint and to specify the constraint on the referenced entity. This type
of constraint is called a referential integrity constraint.

For example, referential integrity constraints would be used to support an applicaticermeqtifior two

separate uses of thelyline  entity defined in ISO 10303-44.et us assume for the case of this example,

that the requirements for the usage of the polyline  are differentiated by the fact that there are two

different mathematical methods for describing the shape of something. One representation requires

polylines to contain exactly two points for the representation of line segments. The other representation has a
requirement for polines to contain more than two points and line segments definedroyed curves with
underlying lines as the basis curves. This example will use the entities definedliddg®41, ISO 10303-

42 and ISO 10303-43.

Since the polyline  is constrained differently based on its usage in the particular method, if both methods
are required in a single AP, the constraints on use of the polyline  entity must be localized. Constraint
localization is accomplished by defining an entity in the MIM schema that is a subtype of a resource entity
to define a scope for the constraints. To localize the constraints in this example, two subtypes of the
shape_representation entity from ISO 10303-41 need to be created where the applicable constraints
for the polyline  are specified in the two different representation subtypes. One of them is to create a
scope for the mathematical method in which polylines are defined only by two points; and the other is to
create a scope for the mathematical method in which polylines are defined by more than two points. The
entity definition for the subtypes shall contain an explanation of the purpose of the constraints. The
polyline entity is referenced by an attribute of the geometric set entity, which is, in turn, referenced by
the representation structure from ISO 10303-43. The constraints on polyline  will be specitied as
referential integrity constraints on the representation_items (inherited by shape_

representation entity from the representation entity in ISO 10303-43) that are of type "polyline”
within the contents set of the geometric_set  that is in the set of items in the representation entity.
In one shape_representation subtype, the size of the set of points that define the polyline is
constrained to two elements, and in the other shape_representation subtype the size of the set of
points that define the polyline is constrained to be more than two. Each MIM entity (the created subtypes
of the shape_representation entity), therefore, defines a context within which conflicting constraints
on the polyline may exist within the MIM schema.

Referential integrity constraints are written as local rules that use the EXPRESS TYPEOF function to
identity the appropriate traversal through the reference path in specifying the constraint on the subtype and
gain access to the attributes that ultimately need to be constrained. In the example, each subtype allows
different constraints to be placed on a single attribute of a single entity depending on the reference path by
which those attributes are reached.

5.3.4.2.2 Specialization of attribute definitions

The creation of subtypes of the interfaced entities from the integrated resources or AMs enables more
specific attribute definitions to be given when the generic definition is not sufficient to satisty the ARM
requirements. This situation most often occurs when there is an ARM requirement for relationships
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defined between two entities that play specific roles within those relationships. There are two practices
which may be used in this case, depending on the application requirements.

The first practice concerns attribute naming. If there is a requirement that an attribute have a specific
name based on the ARM, then a subtype entity is created in the MIM and a derived attribute is specified
which names the attribute inherited from the supertype entity. Derived attributes may be used, for
example, to specialize the generic product_definition_relationship entity when an application
requirement states that the relationship is prioritized: one product_definition is first priority and the
other is second priority. The attributes names first_priority and second_priority have a very
specific application meaning and the development team has defined those roles specifically within the ARM
requirements. The MIM would then contain an entity such as:

%)
ENTITY priority_product_definition_relationship;
SUBTYPE OF (product_definition_relationship);
DERIVE
first_priority : product_definition :=
SELF\product_definition_relationship.relating_product_definition;
second_priority : product_definition :=
SELF\product_definition_relationship.related_product_definition;
END_ENTITY;

(*

The second practice is used if there is no application egairt for a specific attribute name. If the

definition of an inherited attribute must be specialized in the MIM and there is no applicatioameaptifor

an attribute name to be given, a subtype may be created and additional textual definitions are created in the
MIM for inherited attributes. This entity would then be used to represent the semantics given in the textual
definitions of the inherited attributes.

An example of this second practice may be found in18803-203. The entityupplied_part_-

relationship is declared as a subtype of the genaduct_definition_relationship entity.
Since there are no application reganents for specific attribute names, therdébns are refined to say that
therelated_product_definition is to be interpreted as thabduct_definition that is supplied
by an outside organization and te&ting_product_definition is theproduct_-definition

that is internal to the owning organization.

5.3.4.2.3 Concept completion and assignment

Concept completion and assignment is a process allowed in both application modules and in application
protocols.

NOTE - This is process is expected to be allowed only in application modules in the future when the partial select
type capability being defined in the next edition of EXPRESS can be used. Alternatively, a non-standard process
might be utilized in the AM or AP EXPRESS processing to address the issue of completion and extension of the
SELECT types necessary for concept completion and assignment.

19



ISO/TC 184/SC4ANxxx:1997(E)

Subtypes of interfaced entities may be created for the completion and assignment of genpti& cdhee

function of concept completion and assignment is described in 5.3.2.2. The assignment of a generic concept
is the only time that an explicit attribute may be added to a subtype declared in an MIM schema. In order to
assign the generic constructs to the appropriate entities as defined in the AREhreqtsr two constructs

are created. The first construct is a SELECT type that contains all of those entities or other SELECT types
that may have the concept assigned to it. The second construct is an entity which is a subtype of the
interfaced entity representing the generic concept. This entity shall contain a single attribute which references
a SET of the SELECT type that was defined previously. A SET is used here so that plisctivateare the

same are able to be assigned to different instances of entities that share the information. The following
example illustrates the use of the concept completion and assignment technique in an Mik¥msThe

attribute of the new SUBTYPé&pplied_date_assignment that references the n&SELECT type
date_assigned_items illustrates the only case where it is allowable to add an attribute in a subtype.

)

SCHEMA resource_example_schema;
REFERENCE FROM date_schema (date, date_role);

ENTITY date_assignment;

ABSTRACT SUPERTYPE;
role : date_role;
assigned_date : date;

END_ENTITY

END_SCHEMA, --resource_example_schema
SCHEMA concept_completion_example_schema;

USE FROM partial_product_definition_schema
(product,
product_definition_formation);

USE FROM resource_example_schema (date_assignment);

TYPE date_assigned_items = SELECT -- SELECT type definition
(product,
product_definition_formation);

END_TYPE;

ENTITY applied_date_assignment; -- ENTITY subtype definition
SUBTYPE OF (date_assignment);

items : SET [1:?] OF date_assigned_items;
END_ENTITY;

END_SCHEMA, --concept_completion_example_schema

(*
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The new subtype entity decla@at may also be combined with the localization of constraints practice which
would enable the specification of either behavioral or referential integrity constraints in the WHERE clause of
the entity. An example of this is provided in the following example schema; date assignments are
coordinated with the value of the role attribute. The funetina_time_-correlation says, for

example, that a date with the role of "creation date" must be assigned to a product_definition entity. Again,
the addition of attributes in an MIM-defined subtype is allowed only for the assignment template structures in
the STEP integrated resources or AMs; these ABSTRACT SUPERTYPE entities are incomplete by
definition and may be completed in the MIM.

)

SCHEMA role_correlation_example;

TYPE date_time_item = SELECT -- these entities not provided in this schema
(product_definition,
change_request,
start_request,
change,
start_work,
approval_person_organization,
contract,
security_classification,
certification);

END_TYPE,; -- date_time_item

ENTITY role_correlation_date_and_time_assignment
SUBTYPE OF (date_and_time_assignment);
items : SET [1:?] OF date_time_item;

WHERE
WR1: date_time_correlation(SELF);

END_ENTITY; -- role_correlation_date_and_time_assignment

ENTITY date_and_time;
date_component : date;
time_component : local_time;

END_ENTITY; -- date_and_time

ENTITY date_and_time_assignment
ABSTRACT SUPERTYPE;
assigned_date_and_time : date_and_time;
role : date_time_role;

END_ENTITY; -- date_and_time_assignment

ENTITY date_time_role;
name : label;
END_ENTITY; -- date_time_role
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FUNCTION date_time_correlation
(e : role_correlation_date_and_time_assignment ) : BOOLEAN;
LOCAL
dt_role : STRING;
END_LOCAL;
dt_role := e\date_and_time_assignment.role.name;
CASE dt_role OF
‘creation_date’ . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'ROLE_CORRELATION_EXAMPLE." +
'PRODUCT_DEFINITION'
IN TYPEOF (x)))
THEN RETURN(FALSE);
END_IF;
'request_date' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
SIZEOF (
[ROLE_CORRELATION_EXAMPLE.CHANGE_REQUEST" +
'ROLE_CORRELATION_EXAMPLE.START_REQUEST' *
TYPEOF (x)) = 1))
THEN RETURN(FALSE);
END_IF;
'release_date' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
SIZEOF (
[[ROLE_CORRELATION_EXAMPLE.CHANGE' +
'ROLE_CORRELATION_EXAMPLE.START_WORK' *
TYPEOF (x)) = 1))
THEN RETURN(FALSE);
END_IF;
'start_date' . IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
SIZEOF (
[[CONFIG_CONTROL_DESIGN.CHANGE' +
'ROLE_CORRELATION_EXAMPLE.START_WORK' *
TYPEOF (x)) = 1))
THEN RETURN(FALSE);
END_IF;
'sign_off_date’ : IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'ROLE_CORRELATION_EXAMPLE." +
'APPROVAL_PERSON_ORGANIZATION'
IN TYPEOF (x)))
THEN RETURN(FALSE);
END_IF;
‘contract_date' . IF SIZEOF (e.items) <>
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SIZEOF (QUERY (x <* e.items |
'ROLE_CORRELATION_EXAMPLE.CONTRACT'
IN TYPEOF (x)))
THEN RETURN(FALSE);
END_IF;
‘certification_date' : IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'ROLE_CORRELATION_EXAMPLE.CERTIFICATION'
IN TYPEOF (x)))
THEN RETURN(FALSE);
END_IF;
‘classification_date' : IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'ROLE_CORRELATION_EXAMPLE.' +
'SECURITY_CLASSIFICATION'
IN TYPEOF (x)))
THEN RETURN(FALSE);
END_IF;
‘declassification_date' : IF SIZEOF (e.items) <>
SIZEOF (QUERY (x <* e.items |
'ROLE_CORRELATION_EXAMPLE." +
'SECURITY_CLASSIFICATION'
IN TYPEOF (x)))
THEN RETURN(FALSE);
END_IF;
OTHERWISE : RETURN(TRUE);
END_CASE;
RETURN (TRUE);
END_FUNCTION; -- date_time_correlation

END_SCHEMA,; -- role_correlation_example
(*

5.3.4.3 Use of global rules

When an application reqeaiment results in a constraint on every use of arfawed entity or attribute of an
interfaced entity, a global rule is specified in the MIM. Global rules are also used to specify constraints on
the relationships among two or more entities, on attribute values of entitiésdeteinto the MIM and on

the use of an interface entity for a specific purpose when one or more roles for the use of the entity can be
identified.. Constraints may be specified as global rules in an MIM to serve several specific functions.
These functions are described in the following subclauses. It mmemuded that AM development teams
maintain a matrix that maps requirements from the AM t@kbieal or local rules that imginent the
requirements in the MIM.

5.3.4.3.1 Supertype constraint
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A supertype constraint is one that constrains the relationships amafecedeentities in the same
subtype/supertype tree. These constraints are in addition to any constraints applied through the specification
of the interface statements (i.e., dependence). There are many uses for this type of confjtriaimtuses

are described here.

A supertype constraint, for example, may make the instantiation of a subtype mandatory for a particular
supertype entity. The requirement for a rule of this tyjleavise when an entity is 1) explicitly infaced to

be subtyped, or 2) is implicitly interfaced via attribute reference as well as subtype reference. If the ARM
requirement i®nly for the new subtype entity, then a rule is required to prohibit the instantiation of the
interfaced supertype entity. See annex C for a template for a mandatory subtype global rule.

Rules for constraining supertype relationships may also be used to limit the combinations of subtypes of a
single supertype entity in order to define the appropriate set of complex entity data types allowed within the
MIM that satisfy the requirements specified in the ARM.

5.3.4.3.2 Cardinality constraint

A cardinality constraint is one that constrains the relationship between twadatkentities by limiting the
number of instances of one entity type that may be related to instances of the other. Explicit cardinality is
specified in the referential direction of the relationship (i.e., from the entity with the attribute to the entity that
is the data type of that attribute). When an INVERSE attribute does not exist to constrain the cardinality of
the referenced entity, the cardinality defined is, by default, zero, one or many. These cardinalities may be
constrained using a cardinality constraint in the MIM. See annex C for a template for a global rule which
constrains cardinalities of referenced entities.

The integrated resources, for example, always model the existence dependency of one entity with respect to
another by the referential direction of the relationship. That is, the dependent entity always references the
independent entity so that an instance of the dependent entity requires the existence of an instance of the
independent entity. In the ARM, two entities might be interdependent. That is, each entity requires a single
instance of the other in order to model a complete concept. In this case, a cardinality constraint would be
necessary to constrain the inverse cardinality to be exactly one rather than the default zero, one or many.

5.3.4.3.3 Referential integrity constraint

Global rules can be used to specify referential integrity constraints as defined in 5.3.4.2.1. This type of
constraint is one that constrains valid reference paths for all instances offagédtentity. The paths that

are constrained may be combinatorial in nature. These combinatorial constraints are ones where a single
entity may be required to be instantiated through two or more distinct paths in order to completely satisfy an
ARM requirement. This type of constraint may also constrain an attribute value that is reachétjléa a s
reference path for all instances of a referencing entity.

5.3.4.3.4 Attribute domain constraint

An attribute domain constraint is one which constrains the value of an attribute in instances of a particular
entity. This constraint is used to constrain the values, for example, of an attribute of type STRING in an
interfaced entity to correspond to values of an enumeration as defined in ARMmenis. In the dem of
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the integrated resources, the use of enumerated types was limited to preserve the generic nature of the
integrated resources. Instead of referencing enumerated types, integrated resource entity attributes reference
base types or defined types where the underlying type is a base type (i.e., INTEGER, STRING etc.). When
an application context as defined in an ARM is used to determineawguits for specific structures,

enumerations are considered specific regménts. A domain constraint specifies the legal values of the

simple data types that correspond to the enumeration values and the standard interpretation of those values
for that application context. See annex C for a template for a global rule which restricts attribute values.

An attribute domain constraint may be used to place limits on the values of attributes of an entity. For
example, if an entity has an attribute that is an INTEGER, and an ARM specifies a requirement that the
INTEGER value must be greater than 1, the domain constraint is specified on the entity that contains that
attribute to declare that constraint.

An attribute domain constraint may also be used to constrain the use of instances of an entity to be those
plying some role in a particular usage of that entity type. This type of constraint replaces subtyping and
adding local constraints to limit the valid relationships in which the entity may paricipate.

5.3.4.4 Use of functions

In the specification of rules, EXPRESS functions may be used in order to make the specification of the rule
simpler. Due to the recursive nature of many of the references in the common resources, a constraint may
need to be defined recursively. Additionally, many rules may need to use the iterative and logical capabilities
of the executable statements defined in EXPRESS in order to specify complex constraints on theristeract
among different entities. This type of complex interaction will usually require that a function be defined in

the MIM in order to support the specification of a constraint. In these cases, new functions may be defined in
an MIM short listing to be used by a rule.

5.4 Define new MIM constructs

The AM document must include complete definitions of all new MIM constructs found in the MIM

EXPRESS short listing. It may also include textual definitions and descriptions from tfecedaesource
constructs that have been further specialized to suit the established application context of the AM. Guidance
for developing and formatting these definitions is foun8upplementary directives for the drafting and
presentation of ISO 10303

5.5 Produce short names table

Short names are required for each entity in the MIM EXPRESS short form schema. An explanation of short
names is found iGuidelines for the eévelopment and approval of STEP application protacdlse short

names are generated by a software tool used by the SC4 Secretariat at NIST. Prior to publication of any part
containing an EXPRESS schema, the schema shall be sent to NIST for short name generation. Guidance on
documenting short names in the AM is given inSgplementary directives for the drafting and

presentation of ISO 10303

5.6 Mapping table specification
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The mapping table is a pivotal component of an AM. The mapping table specifies the relationship between
the information requirements as specitfied in the ARM and the resource constructs that satisty those
requirements in the module interpreted model. The remainder of this subclause discusses how
interpretation results are captured within the mapping table.

Initially, the left-hand column of the mapping table is populated with the application objects, non-
relationship attributes and relationship attributes. During interpretation, resource constructs that satisfy the
information requirements are selected and documented in the table.

There is rarely a one-to-one mapping between constructs in the ARM and MIM because the ARM and the
SC4 common resources were defined under different contexts. During interpretation, constructs from the
resources are selected for mapping to the ARM constructs. A particular ARM object may map to one
resource construct or more than one resource construct in an AND situation, an OR situation or a
combination of the two. The details of the mapping, including the circumstances under which each
mapping applies shall also be identified and documented.

The mapping table specifies the data reference path for certain mappings. A data reference path is a
directed sequence of (MIM) entities that are linked through attribute relationships or subtype/supertype
relationships. Reference paths are specitied in the mapping table only when the mapping of the application
object from the ARM to the resource constructs creates one of the following circumstances:

— A new entity is defined in the MIM as a subtype of a resource entity. Constructs that represent
completely new concepts cannot be independently specified in the MIM, but must be derived from
existing resource constructs. The MIM extends the definitions from existing resources through
specialization. All new entities introduced in the MIM are subtypes of resource entities with refined
definitions or added constraints. New entities are created in order to add constraints to an existing
concept (represented by a construct from the resources). These extensions to the generic definitions
apply only within the particular application context defined in that AM. The reference path for new
entities introduced in an MIM must include a resource supertype entity.

— An ARM attribute and the ARM entity do not map to the same entity. An ARM attribute may be
mapped to either a resource entity or an attribute of a resource entity. When the ARM entity to which
this attribute belongs is mapped to a different resource entity, a reference path specification is
required. The reference path specification provides the entire access path which begins at the MIM
element corresponding with the ARM entity to which the ARM attribute belongs, and ends at the MIM
element corresponding with the ARM attribute. When the ARM attribute maps to an attribute of the
MIM entity to which the ARM entity maps, no reference path is required.

— An attribute of an MIM entity must be assigned a specific value. The mapping of an ARM entity to
a resource entity may require that an attribute (or attributes) of the resource entity have a specitic
value. Inthe mapping, the value of the attribute(s) must be restricted or assigned in the specification
of the reference path. A reference path will show the mapped MIM entities and attributes and the
attribute values.
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— A relationship exists between two ARM entities that map to different resource entities. The
relationship is mapped as a reference path between MIM entities. The reference path shows the entire

data access path between the mapped resource constructs.

— A constraint on the mapping must be documented. Such mapping rules may be included in
reference paths that are required for one of the above reasons, or a path may be specitied for the sole
purpose of including a mapping rule.

Each information requirement of an AM is mapped to one or more constructs in the MIM. Each of these
mappings is documented on a single row of the mapping table. The mapping table is organized into sub-
tables by unit of functionality (UoF) should there be more than one UoF defined in the AM. Each row is
divided into five columns that provide the details of the mapping. The headings of the five columns are
“Application element”, “MIM element”, “Source”, “Rules”, and “Reference path”. The following
subclauses provide guidance on the development of each column of the mapping table.

5.6.1 Application element column documentation

The Application element column lists the application objects (i.e. entities and attributes) and relationship
attributes from clause 4 of the AM in accordance with the guidance provided in the Supplementary
directives for the drafting and presentation of ISO 10303. Each application element from the application
module appears at least once in the table. An application object may appear in more than one UoF within
an AM. When this occurs, the sub-table for each UoF documents the mapping of that element within the
context of that UoF. If the content of the application element column is longer than the column is wide,
the line shall be broken between words or following an underscore. Hyphens shall be used where
appropriate when a line is broken to provide consistency with the rest of the AM document.

The requirements of the application module may define more than one relationship attribute between two
application objects. When this occurs, each relationship attribute is entered on a separate row of the
mapping table. The heading of the relationship attribute from the AM is used for each entry along with an
identifying phrase. The phrase is chosen from the normative text of the relationship attribute and is placed
in parentheses following the relationship attribute heading. The relationship attributes appear in the
mapping table in the order that they are defined in the AM. Figure 2 illustrates how three relationship
attributes between a pair of application objects are documented in the first column of a mapping table.
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4.3.67 Structured_dimension_callout to Text_string

Each Structured_dimension_callout has as a dimension value one or more Text_string objects. Each Text_-
string may be the dimension value for exactly one Structured_dimension_callout.

Each Structured_dimension_callout has as a tolerance value zero, one, or many Text_string objects. Each
Text_string may be the tolerance value for exactly one Structured_dimension_callout.

Each Structured_dimension_callout has as unit text zero, one, or many Text_string objects. Each Text_string
may be the unit text for exactly one Structured_dimension_callout.

Application element
STRUCTURED_DIMENSION_CALLOUT

structured_dimension__callout to text_string
(as dimension value)

structured_dimension__callout to text_string
(as tolerance value)

structured_dimension__callout to text_string
(as unit text)

Figure 2 - Example of multiple relationship attributes

Application element MIM element Source
ANNOTATION_SUBFIGURE_- #1: (draughting_annotation_- 201
DEFINITION_ELEMENT occurrence)

#1: If the element is a curve, fill #2: (draughting_elements) 201

area, symbol, subfigure, or text
#2: If the element is a dimension
or a draughting callout

Figure 3 - Example of alternative mappings

When an application object maps to different MIM objects in different contexts, often the mappings can be
clearly documented only through the use of numbered alternatives within the row of the mapping table. In
these cases, the application element column contains numbered descriptions that indicate when the
alternative mappings apply. In the succeeding columns of the table, the MIM elements and reference paths
are numbered correspondingly. In practice, when there are multiple mappings for an application object,
these mappings are frequently self-explanatory. However, mappings of relationship attributes between
objects with multiple mappings generally require the numbered descriptions. Figure 3 shows alternative
mappings for an application object that requires clarification. In the example in annex B, the entity
Organization has multiple mappings, though numbered alternatives are only provided for the mappings of
the Organization name attribute and the relationship attribute from Approval to Organization.

NOTE - There is a recognized deficiency in the mapping table syntax: the cardinalities and inheritance
documented in the information requirements of clause 4 of the AM are not visible in the mapping table. The
intent is that the inheritance in the ARM is preserved in the mapping, though the current mapping table syntax
provides no means to explicitly show this. For example, the mapping of an relationship attribute from a
supertype to another application element would apply also to subtypes of that supertype. Readers of the mapping
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table must look to clause 4 of the AM for the cardinalities and subtype/supertype relationships among the
application elements.

5.6.2 MIM element column documentation

The MIM element column contains the description of that to which the application element from the
preceding column maps. Application objects map to either a single MIM element, a combination of
multiple MIM elements, or a choice among multiple MIM elements. MIM elements for application
objects are entities or attributes from resource models (i.e., integrated resources or application interpreted
constructs) or entities that are defined in the MIM of the AM being mapped. The MIM element column
for an relationship attribute is populated with the word “PATH” or the words “IDENTICAL MAPPING”.
These mappings are described in the following sub-clauses.

The content of the MIM element column is identified during the application interpretation process. This
process is based on human understanding of the information requirements presented in the application
module and the ISO 10303 integrated resources. This process is described in 5.3.1 of this document.

The MIM element chosen for the mapping shall be as specific as possible. Mappings shall be shown to the
attribute that will actually be populated with the data rather than to the entity itself. When the mapping is
to an entity, the entity name appears in the MIM element column. When the mapping is to an attribute,
the MIM element column contains the entity name where the attribute is defined, followed by a period,
followed by the attribute name. If the MIM element name is longer than the column is wide, the MIM
element name shall be separated at the period (if there is one) or following an underscore. Hyphens shall
be used to provide consistency with the rest of the AM document.

When a supertype is provided as the MIM element for a mapping, the intent is that the application object
may map to the supertype itself or any of the subtypes that are within the scope of the MIM of the
application module. If the intent is to map to a subset of the subtypes, the MIM element must be specified
as a complex mapping (as described in 5.6.2.2) that indicates which subtypes are allowable. If the intent is
to map the application object to the supertype only, the name of the supertype entity is surrounded by
vertical bars “| |”.

5.6.2.1 Single MIM element

A single MIM element is provided in the MIM element column when only one entity or attribute from the
integrated resources, application interpreted constructs, or MIM short form maps to the application object.

5.6.2.2 Multiple MIM elements

Sometimes a single application object maps to more than one MIM element. When this occurs, each
mapping is documented in the mapping table. This may occur as an “and” situation (both MIM elements
must be present), as an “or” situation (either MIM element may be present), or as an “and/or” situation
(one or more of the MIM elements must be present). The MIM elements provided in the mapping shall be
as specific as possible. For instance, if the data that is to be populated is a combination of a unit and a
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value, it is more clear if the mapping is to both measure with unit.unit component and
measure_with unit.value component than simply to measure with_unit.

In an “and” mapping, multiple MIM elements are required to satisfy the information requirement. Square
brackets “| |” are placed around each required MIM element to denote the “and” situation. In an “or”
situation, multiple MIM elements are alternatives that satisfy the information requirements. Parentheses “(
)” are placed around each alternative MIM element to denote the “or” situation. In an “and/or” situation,
at least one of the listed MIM elements is required to satisfy the information requirement. Angle brackets
“< > are placed around each alternative in the “and/or” situation. Parentheses, square and angle
brackets may be used in combination in the specification of an MIM element to indicate the mapping of
complex logical situations.

The alternatives in complex mappings (typically “or” situations) may be numbered to reflect descriptions
provided in the application element column (see clause 5.6.1). These descriptions are provided to clarify
the situations under which the mappings apply. The use of numbered alternatives is not mandated, but is
left to the discretion of the AM team. If the application of the different mappings is not clear, descriptions
shall be provided. For an example of an attribute with multiple mappings, see the Organization name
attribute of the Organization application object in annex B. In this mapping, how the requirement for a
name is satisfied depends on whether the organization is satisfied as a person, an organization, or a person
within an organization and is thus indicated by parentheses. When a person within an organization is
required, the name is satisfied by both the identification of the person and the name of the organization as
indicated by the square brackets.

When an application element maps to the same MIM element but from different sources, the name of the
MIM element appears more than one time in the MIM element column as described above. In figure 4
the application object Point maps to the MIM entity point in the generic context defined by the integrated
resource part and also in the context of an application interpreted construct. The entity name appears
twice in the MIM element column and the appropriate part number is referenced in the Source column.

Application element MIM element Source
POINT #1: (point) 42
#1: If the point is not part of a #2: (point) 513

shape_representation

#2: If the point is part of an
elementary_brep_shape_-
representation

Figure 4 - Example of mapping to the same entity from different sources

5.6.2.3 Path

The MIM element column of a mapping table contains the word “PATH” when the application element is
an relationship attribute and the application objects in the relationship attribute map to different MIM
elements. The reference path for an relationship attribute is designed to show how the relationship
between the application objects is satisfied in the MIM.
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There are cases where one of the application objects participating in an relationship attribute maps to a
complex logical relationship of MIM elements and the other maps to a subset of those MIM elements.
Because the reader of the mapping table cannot tell whether this was done on purpose or is an omission,
when this case occurs, the MIM element for the relationship attribute is still “PATH”, but the mapping
shall be clarified with a note so it is clear that the reference path is not incomplete. The note clarifying
the mapping shall be referenced in the MIM element column where it applies and the text of the note
provided at the end of the mapping table in a notes list. The notes list shall precede the list of rules. The
note shall be of the format:

NOTE 1 - For the purpose of this mapping, only the subset of the mapping of the
< “to”_application object > specified in the reference path is applicable.

Drawing_sheet to Sheet placed annotation relationship attribute is an example of such an relationship
attribute (see figure 5). The relationship between Drawing sheet and Sheet placed annotation does not
apply to case two where the annotation is a dimension or a draughting callout. In the case of this example,
the note would read:

NOTE 2 - For the purpose of this mapping, only the subset of the mapping of the Sheet placed annotation
specified in the reference path is applicable.

Application element MIM element Reference Path
DRAWING_SHEET dawing_sheet_revision
drawing_sheet to PATH drawing_sheet_revision <=
sheet_placed_annotation (see NOTE 2) presentation_area <=
presentation_representation <=
representation

representation.items[i] ->
representation_item =>
styled_item =>
annotation_occurrence =>
draughting_annotation_occurrence

SHEET_PLACED_ANNOTATION #1: (draughting_annotation_- #1: (draughting_annotation_occurrence K=
#1: If the annotation is a curve, fill occurrence) annotation_occurrence)

area, symbol, subfigure, or text #2: (draughting_elements) #2: (draughting_elements <=
#2: If the annotation is a draughting_ callout)

dimension or a draughting

callout

Figure 5 - Example of PATH MIM element requiring clarification
5.6.2.4 Identical mapping

The MIM element column of a mapping contains the words “IDENTICAL MAPPING” when the
application element is an relationship attribute and both application objects in the relationship attribute map
to the same MIM element instance. In the example in figure 6, 7 Annotation subfigure definition element
maps to draughting annotation occurrence or to draughting elements. Draughting annotation maps to
the same two choices. The relationship attribute between these two application objects is an “IDENTICAL
MAPPING” because these two application objects map to the same instance. Such cases may arise when
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there is a high level of detail in the application reference model (ARM) or the constructs in the integrated
resources are more semantically rich than the constructs in the ARM.

Application element MIM element Source
ANNOTATION_SUBFIGURE_- #1: (draughting_annotation_- 201
DEFINITION_ELEMENT occurrence)

#1: If the element is a curve, fill #2: (draughting_elements) 201

area, symbol, subfigure, or text
#2: If the element is a dimension
or a draughting callout

annotation_subfigure_- IDENTICAL MAPPING
definition_element to
draughting_annotation

DRAUGHTING_ANNOTATION #1: (draughting_annotation_- 201
#1: If the annotation is a curve, fill occurrence)
area, symbol, subfigure, or text #2: (draughting_elements) 201

#2: If the annotation is a
dimension or a draughting
callout

Figure 6 - Example of an identical mapping

When one of the application objects participating in an relationship attribute maps to a complex logical
relationship of MIM elements and the other maps to a subset of those MIM elements, the MIM element
for the relationship attribute is still IDENTICAL MAPPING, and the mapping may be clarified with a
general note stating that only the intersection of the MIM elements to which the two objects map are the
same instance. The note clarifying the mapping, if it is deemed necessary, shall be referenced in the MIM
element column in as many places as it applies and the text of the note shall be provided at the end of the
mapping table in a notes list. The notes list shall precede the list of rules. The note shall be of the format:

NOTE - For the purpose of this mapping, only the intersection of the mappings for each of the application
objects in the relationship attribute is applicable.

5.6.3 Source column documentation

The Source column contains an ISO 10303 part number for each MIM element provided in the preceding
column. In general, the part number is the part of ISO 10303 in which the MIM element is defined. The
part numbers referenced in a mapping table may correspond to an integrated resource; an application
interpreted construct; or the application module itself, in the case where the MIM element is an AM
created specialization of an integrated resource entity. When an application object or relationship attribute
is mapped to an entity or type that is defined in the integrated resources, implicitly or explicitly brought
into the scope of an AIC according to the interfacing rules of EXPRESS as documented in ISO 10303-11,
and the mapping is within the context of the AIC, the AIC part number is referenced in the source column.
If the mapping is not within the context of the AIC, the part number of the integrated resource construct is
referenced in the source column.

If the MIM element column contains either the word “PATH” or the words “IDENTICAL MAPPING”,
no source document is listed in the source column.
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5.6.4 Rules column documentation

The Rules column of the mapping table contains numerical references to the global rules in the MIM short
form that constrain the mappings. The numerical references correspond to a numbered list of all global
rules in the AP. That list follows the mapping table. In this list, the rules shall appear in the same order
as in the AM. There may be more than one rule constraining a given mapping. Some mappings may be
unconstrained. Rules restricting instantiation of entities within the MIM are to be included in the mapping
table only when the mapping is to an MIM element that shall not be independently instantiable. When an
entity constrained by an instantiability rule appears in a reference path, that mapping assumes that the
entity will be instantiated in the context of other entities; therefore, the reference to the rule is not needed
for that mapping. All rules that are created in the AM short form, including entity instantiability rules,
shall be referenced in the mapping table at least once.

5.6.5 Reference path column documentation

The reference path illustrates how the requirements and relationships stated in clause 4 of the AM are
maintained as a result of the application interpretation process. It specifies the complete path of entity
references in the MIM that is needed to represent the information requirements of the ARM. A set of
symbols and formats were developed to construct a consistent syntax for documenting reference paths.
Reference path syntax is consistent for each type of application element. The intent of the current syntax is
to facilitate human readability of the mapping table. In the future, this syntax may be extended to improve
computer readability of the mapping table. This clause discusses the symbology used in documenting
reference paths as well as reference path requirements for each type of application element.

5.6.5.1 Symbology

A reference path specification is contained within a single cell in the reference path column of the mapping
table and is read from top to bottom. Each line of the reference path specification may contain symbols to
illustrate the EXPRESS structure of the MIM objects. Understanding the symbology used in the reference
path specification is the key to reading and writing mapping tables.

5.6.5.1.1 Delimiter symbols

The delimiter symbols are used to indicate the relationship of the specified entity or attribute preceding the
symbol to the specified entity or attribute following the symbol. The symbol should be placed at the end of
the line, so that the name of the following entity or attribute is at the beginning of the next line. The
delimiters should be separated from the entity or attribute text by a single space, for readability. The
meaning of these symbols can be paraphrased as:

=>: “is a supertype ot”

<=: “is a subtype ot”

-> “references”

<-: “is referenced by”

The “=>" and “ < =" symbols indicate a supertype or subtype structure. The “=>" symbol is used to
indicate that the specified entity preceding the symbol is the supertype of the entity specified on the next
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line. The “< =" symbol is used to indicate that the specified entity preceding the symbol is a subtype of
the entity specified on the next line.

The “->” and “ <-” symbols indicate the reference to an entity or type by an attribute. The “->7
symbol is used to indicate that the specified attribute preceding the symbol references the entity or type
specified on the next line. The “<-” symbol is used to indicate that the specified entity or type preceding
the symbol is referenced by the attribute specified on the next line.

When an entity name appears on a line that is terminated without the use of one of the above delimiter
symbols, this may indicate that the specified entity has the attribute shown on the next line. When an
attribute name appears on a line that is terminated without the use of one of the above symbols, this may
indicate that the specified attribute is an attribute of the entity shown on the next line. A new line is used
without conveying additional semantics before and after lines where an EXPRESS select type value is
provided (see 5.6.5.1.3). New lines precede and follow mapping rules (braces), and the individual options
for mappings with multiple MIM elements (parentheses, square and angle brackets). A new line also
terminates the reference path.

Reference path statements that are too long to fit within the table cell can be split using the forward slash
symbol “\”. The symbol conveys no additional meaning within the reference path. The “\” is positioned
between elements of the statement, at the end of the line, preferably in white space. The “\” may appear
between an entity and an attribute, following the period, but this case should be avoided where possible.
The “\” should not be placed inside of a text string; the entire text string should follow the forward slash
on the next line of that cell.

5.6.5.1.2 Aggregation symbols

If an attribute references an aggregate cardinality, and any single instance of the aggregate is of interest,
brackets and the letter i “[i]” are used to indicate this. This reflects the usual requirement that the path can
go through any member of the aggregate. The use of “[n]” (where n is an integer) indicates that member
n of the aggregate is of interest in the mapping. A reference to an_entity.aggregate| 1] reflects the
requirement that the path must go through the first element of the aggregate. In order to limit the number
of elements in an instantiation of the aggregation, EXPRESS rules shall be written in the short form of the
MIM. In the mapping of the Drawing to Approval relationship attribute in annex B, the attribute
approved_items is a set that references the select type approved item.

5.6.5.1.3 Equal sign

An equal sign “=" is used in the reference path specification to indicate a member of the select list of an
EXPRESS select type, an item from the enumerated list of an EXPRESS enumeration type, or a specific
value for an attribute. In the case of a select list, the name of the select type appears first followed on the
same line by the equal sign and the member that is being selected. In the case of an enumerated list, the
name of the enumeration type appears first followed on the same line by the equal sign and the enumerated
item. In the case of a specific value, the attribute name appears first followed on the same line by the
equal sign and the value assigned to the attribute.
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See the mapping of the Date attribute of the Approval object in annex B. In this reference path
specification, the attribute date time references the select type date time select. For this mapping, the
selection is a date. As seen in this example, the name of the select type appears on the line before the line
containing the equal sign, and the selected member appears on the line following the line containing the
equal sign. The order of these lines is reversed for a reference path in which the selected member is
referenced first in the path. See the mapping of the Drawing to Approval relationship attribute in the
example in annex B. In this mapping, the reference path encounters drawing revision first, which is the
selected member of the approved _item select type.

5.6.5.1.4 Parentheses

Parentheses “()” are used to indicate the existence of options in the reference path. Each option is
enclosed by a set of parentheses. The parentheses are used to indicate that a mapping has multiple
reference paths or sections of the reference path. There are two reasons that the reference path may
diverge: an object is mapped to multiple MIM entities or the reference path depends on the instantiation of
the MIM. To aid understanding, the optional sections of the path may be numbered and a description
provided, with the application object, that gives the reason for the divergence.

See the mapping of the Approval to Organization relationship attribute in annex B. In this example, it is
necessary to show the reference paths for each of the MIM elements to which the Organization maps.

5.6.5.1.5 Square brackets

Square brackets “| |” are used to indicate two or more required sections of the reference path. The square
brackets indicate that there are either multiple mappings or multiple paths required to satisfy the mapping.
Each mapping or path is enclosed by a set of square brackets. To fully document how the requirements
are satisfied by the mapping, sections of the path may be numbered and a description giving the reason for
the divergence may be provided in the Application element column.

See the mapping of the Annotation subfigure definition to 2D cartesian_coordinate space relationship
attribute in the example in figure 7. This example shows that every representation context that satisfies
the requirements of the application object 2D cartesian coordinate space must be both a
geometric_representation_context and a global unit assigned context.
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Application element MIM element Source Reference path
ANNOTATION_SUBFIGURE_- symbol_representation_-| 46 {symbol_representation_map <=
DEFINITION map representation_map

representation_map.mapped_representation ->
representation =>
symbol_representation =>
draughting_subfigure_representation}
annotation_subfigure_definition PATH symbol_representation_map <=
to 2d_cartesian_coordinate_spade representation_map
representation_map.mapped_representation ->
representation
{representation =>
symbol_representation =>
draughting_subfigure_representation}
representation.context_of_items ->
representation_context =>
[geometric_representation_context]
[global_unit_assigned_context]
2D_CARTESIAN_- [geometric_representation|- 42
COORDINATE_SPACE context]
[global_unit_assigned_- 41
context]

Figure 7 - Example of multiple mappings

‘sjurensuod It Jurddewr Jwaumoop o1 WIIN

(32)266T XXXN¥DS/¥8T D1/0SI



ISO/TC 184/SC4ANxxx:1997(E)

NOTE - 9.2 of ISO 10303-11 enumerates the type of constraints that can be written for EXPRESS
entities.

Mapping rules are used when the reference path specification would not normally contain MIM entities
which are crucial to the mapping. Mapping rules may be used to include into the reference path
specification required supertypes or subtypes, required values assigned to attributes, or AIC entities
containing rules that constrain the mapping.

Mapping rules shall start on a new line of a reference path and shall end with a new line. The reference
path shall be completely specified without the mapping rule; if the mapping rule were removed, the
reference path would still be correct. If a reference path contains multiple mapping rules, all the rules
apply to the mapping. If the granularity of the ARM and MIM differ such that the resulting mapping rules
apply to different cases, use numbered alternatives in the ARM element column and number the mapping
rules correspondingly in the reference path column.

Mapping rules are also used when an assertion is mapped to a specialization of a resource entity and the
reference path specification would not otherwise show the resource entity. The inclusion of these MIM
elements is intended to satisty the requirement that all mappings to a specialized entity shall have a
reference path to a resource entity.

The mapping of the Structured dimension callout to Draughting callout relationship attribute in the

example in figure 8 contains two mapping rules. In this example, the reference path specification would
not
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MIM element | Source |

Application element Reference path

STRUCTURED_DIMENSION_- structured_dimension_-| 201 structured_dimension_callout <=

CALLOUT callout draughting_callout

structured_dimension_callout PATH structured_dimension_callout <-

to draughting_callout draughting_callout_relationship.relating_dimension__callout

(as prefix) draughting_callout_relationship
{draughting_callout_relationship <=

dimension_callout_component_relationship}
{draughting_callout_relationship.name = ‘prefix’}
draughting_callout_relationship.related_draughting_callout ->
draughting_callout
DRAUGHTING_CALLOUT draughting_callout | 101 |

Figure 8 - Example of mapping rules
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normally show the ISO 10303-201 created subtype. However, for this mapping, the only draughting -
callout relationship that satisfies the information requirement is the dimension_callout component -
relationship subtype. The second mapping rule indicates that the name of the relationship is restricted for
this mapping to have the value “prefix”.

Another type of mapping rule is used to signify that any number of relationship entities may be assembled
in a relationship tree structure. This is shown by the use of the relationship entity name followed by an
asterisk “*”. There should be white space between the entity name and the asterisk. An asterisk may only
be used in a mapping rule, and the only currently known application of this syntax is in extending
relationship trees to any number of levels. In the absence of a mapping rule including an asterisk, the path
contains only the number of relationship entities shown. In the following example reference path there
may be any number of draughting callout relationship entities in the relationship tree.

draughting_callout <-
draughting callout relationship.related draughting callout
draughting_callout relationship
{draughting_callout_relationship *}
draughting callout relationship.relating_draughting callout - >
draughting_callout

5.6.5.1.6 Vertical bars

Vertical bars “| |” are used to indicate that the mapping is only to the supertype entity found between the
vertical bars. If the vertical bars are not present, and the entity being referenced is a supertype, it is
assumed that any of the subtypes of that supertype are valid in the context of that reference path. The
vertical bars limit the reference path to the supertype entity itself. Vertical bars may appear in both the
MIM element column and the reference path.

Ab->
| only supertype allowed |

5.6.5.1.7 Single quotes
Single quotes “ © * “ are used to indicate that the enclosed text is intended to be the value of an attribute
whose underlying type is a string. Single quotes are used in this context to provide consistency with ISO
10303-11. They may appear in the reference path only.

5.6.5.2 Application objects

A reference path specification is necessary for each application object that is mapped to a specialization of
an integrated resource entity. The reference path starts with the MIM element to which the application
object is mapped. It concludes at the integrated resource entity of which the specialization is a subtype.
See the mapping of Drawing in annex B. In this example, Drawing is mapped to draughting drawing_-
revision, which is a subtype of drawing_revision in ISO 10303-101. The reference path contains these
two entities.
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A reference path can also be shown to clarify a restriction on the mapping. See the mapping of
Annotation_subfigure definition in the example in figure 6. This object maps to an entity in the integrated
resources; therefore, no reference path specification is required. However, to satisty the requirements for
this mapping, the inherited attribute mapped representation must be of type draughting subfigure -
representation. This restriction is shown by including this portion of the reference path specification
within braces (see 5.6.5.1.7).

5.6.5.3 Application attributes

There are different mappings of an attribute that must be considered for the documentation of the reference
path. An attribute may be mapped to an attribute of the same MIM entity to which the application object is
mapped. In this case, no reference path is necessary for the attribute. See the mapping of the Description
attribute of Approval in the example in annex B.

An attribute may be mapped to an attribute of an entity different from the one to which the application
object is mapped. The reference path for the attribute starts with the MIM element to which the
application object is mapped. The path follows the entities and attributes of the MIM to the MIM attribute
to which the application attribute is mapped.

See the mapping of the Drawing number attribute of Drawing in the example in annex B. In this example,
Drawing is mapped to draughting drawing revision so the reference path of Drawing number begins
with this entity. Drawing_revision has an attribute drawing_identifier that references the entity

drawing definition. The drawing definition entity has an attribute drawing number to which the
Drawing number attribute is being mapped.

5.6.5.4 Relationship attributes

Relationship attributes specity the relationships between pairs of application objects, the cardinality of the
relationships, and the rules required for the integrity and validity of the application objects.

The reference path of an relationship attribute starts with the MIM element to which the first application
object is mapped. The path concludes at the MIM element to which the second application object in the
relationship attribute is mapped. See the mapping of the Drawing to Approval relationship attribute in
annex B. In this example, Drawing is mapped to draughting drawing revision so the reference path of
the relationship attribute begins with this entity. Drawing revision is one of the approved_items to which
approval is assigned.

If the MIM element column contains the words “IDENTICAL MAPPING”, no reterence path
specification is required.

In rare cases, an relationship attribute may map to an MIM entity or attribute. In these cases, the mapping
may be to an attribute in the reference path that connects the two identified application objects, or to an
MIM entity that acts as the intersection entity connecting the two identified application objects. This
attribute or entity is selected for the MIM element column with agreement by the MIM interpretation
committee. The source column contains the number of the part containing this entity or attribute.
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5.6.5.5 AIC considerations

AICs define entities where the global rules pertaining to that AIC have been localized. These entities are
called “root node” entities. If the root node of the AIC includes restrictions that apply to the mapping, the
root node shall be included in the reference path specification to indicate this, even if the inclusion is only
within a mapping rule.
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Annex A
Example information requirements

This annex contains example descriptions of a UoF, application objects, and relationship attributes that
appear in the example mapping table in annex B. These descriptions are extracted from clause 4 of ISO
10303-201. Some objects, attributes, andioglahip attributes from the UoF have been excluded from the
example.

NOTE - The numbering in this annex reflects the clause numbering as published in ISO 10303-201.
4.1 Units of functionality
4.1.4 drawing_structure_and_administration
The drawing_structure_and_aithistration UoF contains information about theriehical organizédn of
drawings, drawing sheets, and drawing views, together with the administrative inforneagseary to
manage drawings and drawing sheets. Drawing sheets and drawing views are defined in their specific
coordinate space. Annotation may be assigned to each drawing sheet and drawing view. The administrative
information supports the exchange of drawings between environments in which configuratioaemsm ax
drawings is used. The following application objects are used by drestingture_and_admnistration UoF:

— Approval;

— Drawing;

— Drawing_sheet;

— Organization.
4.2 Application objects
4.2.13 Approval

An Approval is information that indicates a drawing, drawing sheet, or both have been reviewed for data
content and for correctness of the presentation of that data and has been fournddpthbla. The data
associated with an Approval are the following:

— Date;

— Description.
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4.2.19.1 Date
The Date specifies the date on which the approval was assigned.
4.2.19.2 Description

The Description specifies the organization-specific release status or the authorized modifications for the
revision of the drawing, drawing sheet, or both.

4.2.30 Drawing
A Drawing is the presentation of product data in a human-interpretable form wherein the physical and
functional requiements for that mduct are presented pictorially and textually. The data associated with a
Drawing are the following:

— Drawing_number;

— Drawing_revision_id.
4.2.30.2 Drawing_number
The Drawing_number specifies the identification of a particular drawing by an organization.
4.2.30.3 Drawing_revision_id
The Drawing_revision_id specifies the identification of a particular version of the drawing.
4.2.31 Drawing_sheet
A Drawing_sheet is a logical division of a drawing into a two-dimensional area for the presentation of
product data. These divisions correspond to sheet paper sizes for plotting. A Drawing_sheet contains at least
one Drawing_view or one Draughting_annotation. The data associated with a Drawing_sheet are the
following:

— Sheet_number;

— Sheet_revision_id.

4.2.31.2 Sheet_number

The Sheet_number specifies the page number for a particular drawing sheet and its location in relation to
other sheets of the drawing.
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4.2.31.3 Sheet_revision _id
The Sheet_revision_id specifies the identification of a particular version of the drawing sheet.
4.2.57 Organization

An Organization is a number of persons or groups that designs, produces and supplies products and services.
The data associated with an Organization are the following:

— Organization_name.
4.2.57.2 Organization_name
The Organization_name specifies the identification of a particular organization.
4.3 Relationship attributes
4.3.18 Approval to Organization

Each Approval is provided by one or more Organization objects. Each Organization provides zero, one, or
many Approval objects.

4.3.32 Drawing to Approval

Each Drawing is governed by zero, one, or many Approval objects. Each Approval governs zero or one
Drawing.

4.3.33 Drawing to Drawing_sheet

Each Drawing consts of one or more Dramg_sheet objects. Each Drawing_sheet belongs to exactly one
Drawing.

4.3.37 Drawing_sheet to Approval

Each Drawing_sheet is governed by zero, one, or many Approval objects. Each Approval governs zero, one,
or many Drawing_sheet objects.
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Annex B

Example mapping table

This annex contains the mapping table that corresponds to the example informatiemesgsiin annex A.
See annex A for the textual descriptions of the application objects.

The MIM entities found in this mapping table are defined in 18303-41 [4], ISO 10303-101 and ISO 10303-
201.
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Table B.1 - Mapping table for drawing_structure_and_administration UoF

Application element

MIM element

| Source | Rules |

Reference path

APPROVAL

approval

41

date

calendar date

41

approval <-

approval date_time.dated approval
approval date time
approval_date time.date time - >
date time select
date time select = date
date = >
calendar date

description

approval.level

41

approval to organization

#1: If the approval is given by
only a person

#2: If the approval is given by
only an organization

#3: If the approval is given by a
person within an organization

PATH

approval <-
approval person_organization.authorized approval
approval person_organization
approval person_organization.person_organization - >
person_organization select
#1: (person_organization select = person
person)
#2: (person_organization select = organization
organization)
#3: (person_organization select = person_and organization
person and organization)
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Table B.1 - Mapping table for drawing_structure_and_administration UoF (continued)

| Sourcel Rules |

Application element MIM element Reference path
DRAWING draughting_drawing_- 201 draughting_drawing_revision <=
revision drawing_revision
drawing_number drawing_definition. 101 draughting_drawing_revision <=
drawing_number drawing_revision
drawing_revision.drawing_identifier ->
drawing_definition
drawing_definition.drawing_number
drawing_revision_id drawing_revision. 101 draughting_drawing_revision <=

revision_identifier

drawing_revision
drawing_revision.revision_identifier

drawing to approval

PATH

draughting_drawing_revision <=
drawing_revision
approved_item = drawing_revision
approved_item <-
draughting_approval_assignment.approved_itemsi]
draughting_approval_assignment <=
approval_assignment
approval_assignment.assigned_approval ->
approval

drawing to drawing_sheet

PATH

draughting_drawing_revision <=

drawing_revision <=
presentation_set <-
area_in_set.in_set

area_in_set
{area_in_set =>
drawing_sheet_revision_usage}

area_in_set.area ->

presentation_area =>

drawing_sheet_revision
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Table B.1 - Mapping table for drawing_structure_and_administration UoF (concluded)

| Application element

| Sourcel Rules |

#2: If the organization is only an
organization

#3: If the organization is a person
within an organization

MIM element Reference path
DRAWING_SHEET drawing_sheet_revisior] 101
sheet_number drawing_sheet_- 101 drawing_sheet_revision <=
revision_usage. presentation_area <-
sheet_number area_in_set.area
area_in_set =>
drawing_sheet_revision_usage
drawing_sheet_revision_usage.sheet _number
sheet_revision_id drawing_sheet_revision. 101
revision_identifier
drawing_sheet to approval PATH drawing_sheet_revision
approved_item = drawing_sheet_revision
approved_item <-
draughting_approval_assignment.approved_itemsi]
draughting_approval_assignment <=
approval_assignment
approval_assignment.assigned_approval ->
approval
ORGANIZATION (person) 41
(organization) 41
(person_and_- 41
organization)
organization_name #1: (person.id) 41 #3: (person_and_organization
#2: (organization.name) 41 [person_and_organization.the_person ->
#1: If the organization is only a #3: ([person.id] 41 person
person [organization.name]) 41 person.id]

[person_and_organization.the_organization ->
organization
organization.name])
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Annex C

Constraint templates

C.1 Dependent instantiation

This template may be used whemnity_ a  may only be instantiated as referenced by another entity.
%)
RULE dependent_instantiation_entity_a FOR (entity_a);
WHERE
WR1: SIZEOF (QUERY (each <* entity_a |
NOT (SIZEOF (USEDIN (each, ) >=1
) =0;
END_RULE;
(*

C.2 Mandatory subtype

This template may be used when a supertgptity a ) is constrained to be one of more than one valid
subtypes.
%)
RULE subtype_mandatory_entity_a FOR (entity_a);
WHERE
WR1: SIZEOF (QUERY (temp_a <* entity_a |
NOT (SIZEOF (TYPEOF (temp_a)*
SCHEMA NAME.VALID_SUBTYPE_1',
‘SCHEMA_NAME.VALID_SUBTYPE_2]]
)=1))) =0;
END_RULE;
(*

This template may be used when the supertype entity is constrained to be one specific subtype.
%)
RULE subtype_mandatory_entity_a FOR (entity_a);
WHERE
WR1: SIZEOF (QUERY (temp_a <* entity_a |
NOT ('SCHEMA NAME.VALID_SUBTYPE' IN TYPEOF (temp_a)))) =0;
END_RULE;

(*
C.3 Cardinality

This template may be used whemnity b  has an attribute that referencesntity_a . This rule
constrains the relationship to a cardinality other than the default, zero, one or many.
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%)

RULE entity_a_to_entity_b FOR (entity_a, entity_b);

WHERE

WR1: SIZEOF (QUERY (temp_a <* entity_a |

NOT (SIZEOF (QUERY (temp_b <* entity_b |
temp_a :=: temp_b.x)) =1))) =0;

END_RULE;

(*

The desired cardinality is reflected by the cardinality to which the interior SIZEG¥nstattis compared. In
the template, the cardinality is exactly one. To constrain the cardinality to be greater than or equal to one, “
>=1" could be shistituted for the “=1", for example.

If attributex of entity b  is a SET of entity_a, use the IN operator instead of the entity instance equality
operator. If attribute of entity b  is a BAG, LIST or ARRAY of non-uniquentity_a , the cardinality

of a single instance @htity_ b  to a single instance eftity_a  needs to be considered and isn’t covered
by this template.

C.4 Value restriction

This template may be used whemnity_ a  has arattribute_b that is of type STRING. The values in
single quotes are the allowable valueatofoute_b . If there is only one allowable value for
attribute_b  , use the equal sign in place of the IN operator.

%)

RULE restrict_value_of_atribute_b FOR (entity_a);

WHERE

WR1: SIZEOF (QUERY (temp_a <* entity_a |
NOT (attribute_b IN ['string 1', ‘string 2', ‘string 37))) = 0;
END_RULE;
(*
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Annex D

Steps for writing MIM short form EXPRESS

1. Develop the EXPRESS definitions for all select types, subtype entities (including local rules), global
rules and functions identified during the interpretation workshops. Develop EXPRESS global rules for
constraints documented as mapping rules within the mapping table where possible.

2. Write USE FROM statements for all faye-defined named types (entities and types) that are needed to
support the creation of MIM unique constructs from step 1. See the discussions on visibility in ISO
10303-11:1994 tanderstand EXPRESS visibility regefinents. Any forign construct that is named in
the definition of a local construct, with the exception of those named only in strings, shall be made visible
through inclusion in a USE sthent.

3. Write USE FROM statements for each AM (and AIC). In some cases, an AM (or AIC) may contain USE
FROM statements for a construct identified in step 2. Because an AM iarategpb#oted document,
do not depend on an or AIC to interface constructs determined in step 2 to support MIM short form
locally defined constructs. In this case, redundant USE FROKhstats arellwed.

NOTE TO STEP A/F TEAM - We need to capture the idea of referencing constructs from modules, AICs, IRs
and what the differences are between the different references.

4. Examine the integrated resource EXPRESS-G to determine which constitumsmplicitly interfaced
based on the explicit interfaces written in steps 2 and 3. See the discussion$M308€11:1994 to
understand what is implicitly intiaced for each explicitly interfaced construct. This includes all the
entities supertypes, the named types referenced by the entity’s attributes, and SELECT types that contain
explicitly or implicitly interfaced constructs in their select lists. Items in select lists are NOfadetd
when the SELECT type is infaced.

5. Look at the mapping table for additional entities that must be brought in to satisfy reference paths. Each
entity that appears in a reference path must appear in the MIM long form (i.e., must be locally defined,
explicitly or implicitly interfaced.) Add USE FROM stahents to bing in required constructs. When
writing the additional USE FROM stahents, try to mimize the number of entities named, avoiding,
where possible, explicitly interfamgy entities that are not intended to be independently instantiated.

6. Examine USE FROM statements for entities that arellogteal to be independently instantiated. Write
rules constraining the instantiation of these entities. See constraint templates in annex B of this document
for assistance. Entities that are subtypes of representation_item or its subtypes do not require dependent
instantiation rules as such a constraint is locally defined in representation_item and inherited by all
subtypes. As they cannot be independently instantiated anyway, provide only the minimal set of use
statements, i.e., explicitly inface only the bottom leaf subtypes.

NOTE - Some entities are independent by definition. These must be explicitly interfaced to bring them into the
MIM. They are not referenced by other entities and it is, therefore, incorrect to write a dependent instantiation
rule for such entities.
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7. Add USE FROM staments for any entities that are intended tmbependent but that were not already
explicitly interfaced in the execution of a previous step. Some constructs may be implicficatte
that are required to be independently instantiable. These entities must be explididigadte
Independent entities are those entities that may be instantiated without serving in the role of another

entity’s attribute.
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